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Ecosystems services sustain humans all over the world. The unsustainable use of ecosys-
tem services around the world has led to widespread degradation which now threatens
human health and livelihoods. Although the maintenance of ecosystem services is often
used to justify biodiversity conservation actions, it is still unclear how ecosystem services
relate to different aspects of biodiversity and to what extent the conservation of biodiver-
sity will ensure the provision of services. The aim of this study was to find out whether bio-
diversity priorities, biomes, species richness and vegetation diversity hotspots co-occur in
space with ecosystem services. The distribution of the ranges and hotspots of five ecosys-
tem services (surface water supply, water flow regulation, carbon storage, soil accumula-
tion, and soil retention) was assessed in South African biomes. Coincidence, overlap, and
correlation analyses were used to assess spatial congruence between ecosystem services
and species richness (plants and animals) and vegetation diversity hotspots. The grassland
and savanna biomes contained significant amounts of all five ecosystem services. There
was moderate overlap and a generally positive but low correlation between ecosystem ser-
vices hotspots and species richness and vegetation diversity hotspots. Species richness was
mostly higher in the hotspots of water flow regulation and soil accumulation than would be
expected by chance. The water services showed varying levels of congruence with species
richness hotspots and vegetation diversity hotspot. These results indicate that actions
taken to conserve biodiversity in South Africa will also protect certain ecosystem services
and ecosystem services can be used to strengthen biodiversity conservation in some
instances.
 2008 Elsevier Ltd. All rights reserved.1. Introduction
Ecosystems services sustain humans all over the world and
directly support more than one billion people in the world liv-
ing in extreme poverty (Costanza et al., 1997; MA, 2005; World
Bank, 2006; Turner et al., 2007). Ecosystem services are theer Ltd. All rights reserved
fax: +27 866140506.
nis@gmail.com (B. Egoh
.ac.za (D.M. Richardson).benefits that humans derive from ecosystems and include
provisioning (e.g. medicinal plants and firewood), regulatory
(e.g. water purification and regulation), supporting (e.g. soil
retention and formation), and cultural services (e.g. the use
of nature for spiritual purposes; MA, 2003; de Groot et al.,
2002). Biodiversity and ecosystem services are intrinsically.
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the maintenance of ecosystem services is often used to justify
biodiversity conservation actions because of its importance in
sustaining human livelihoods (Bookbinder et al., 1998; MA,
2005; Naughton-Treves et al., 2005). The degradation and
unsustainable use of ecosystems and its services around the
world now threatens the health and livelihoods of many peo-
ple (WRI, 2000–2001; MA, 2005).
Despite the wide use of ecosystem services to argue for
biodiversity conservation, it is unclear exactly how different
aspects of biodiversity relate to ecosystem services, and to
what extent conserving biodiversity will ensure the provision
of these services. Conserving biodiversity and ecosystem ser-
vices might require different strategies. Many provisioning
and cultural services are provided directly by biodiversity
components such as species, vegetation types and land-
scapes. For example, forest ecosystems provide food, fire-
wood, fencing material, and medicinal plants, amongst
others, to communities (Myers, 1988; Naidoo and Ricketts,
2006). However, some ecosystems services (especially sup-
porting and regulatory ones) are a function of many ecosys-
tem properties and may not necessarily be conserved
simply through conservation strategies geared towards any
particular facet of biodiversity. For example, the maintenance
of water regulatory services is provided by a combination of
biotic and abiotic factors (Guo et al., 2001; Le Maitre et al.,
2007) which require a landscape and land-use management
approach across the entire watershed. At present, much con-
servation effort is geared toward biodiversity per se and our
knowledge of conserving ecosystem services is still in its in-
fancy (Balvanera et al., 2001; Egoh et al., 2007).
A widely used strategy for biodiversity conservation is the
identification of spatial priorities where conservation efforts
should be focused (Margules and Pressey, 2000). These priori-
ties can be identified using different measures of biodiversity
including species richness or endemism, vegetation diversity
and biomes. Some progress has been made in recent decades
in mapping ecosystem services (Costanza et al., 1997; Naidoo
and Ricketts, 2006; Troy and Wilson, 2006; Egoh et al., 2008).
Where these biodiversity components or priorities overlap
with areas important for the delivery of ecosystem services,
conservation strategies aimed at biodiversity will safeguard
ecosystem services. Conversely, in areas of overlap, ecosys-
tem services can be used as additional justification for biodi-
versity conservation. However, to date few studies have
evaluated the spatial concordance between biodiversity and
ecosystem services because mapping the location of the ser-
vices is still difficult. Chan et al. (2006) investigated the rela-
tionship between biodiversity and ecosystem services in
California. They found a generally low correlation between
biodiversity and ecosystem services and moderate overlap be-
tween the two. In another study, Turner et al. (2007) found a
generally high overlap between biodiversity priorities and
ecosystem services but their results were not consistent
across all regions. The ambiguity of these findings suggests
that there is a need to extend the investigation to other parts
of the world.
South Africa represents an excellent opportunity for
exploring the spatial relationship between ecosystem ser-
vices and biodiversity. Its heterogeneous landscapes areextraordinarily rich in biodiversity (Cowling et al., 1989,
1997), and extensive research has identified and located effec-
tive biodiversity surrogates, and areas of importance to biodi-
versity conservation (van Jaarsveld et al., 1998; Reyers et al.,
2001; Cowling et al., 2003; Lombard et al., 2003). Many recent
conservation initiatives in South Africa are geared towards
sustainability and poverty alleviation presenting an opportu-
nity for safeguarding ecosystem services. For example, the
Working for Water project is aimed at improving biodiversity
and water services by removing invasive alien plants but also
seeks to create jobs for poor, unemployed people (van Wilgen
et al., 1998).
The first National Spatial Biodiversity Assessment (NSBA)
for South Africa has recently been completed (Reyers et al.,
2007). The NSBA identified national biodiversity priorities
and was part of the National Biodiversity Strategy and Action
Plan (NBSAP) which aimed to direct the conservation and sus-
tainable use of South Africa’s biodiversity, as part of the na-
tion’s obligation as a signatory to the Convention on
Biological Diversity (CBD). The revised NSBA (due in 2009) will
include ecosystem services more explicitly. The importance
of understanding the spatial relationship between ecosystem
services and biodiversity can no longer be overlooked. In a re-
cent study, Egoh et al. (2008) mapped the ‘‘range’’ (areas where
a particular service is produced in meaningful quantities) and
‘‘hotspots’’ (areas which provide large components of a partic-
ular service) of five ecosystem services in South Africa (Fig. 1).
In this study we use the five ecosystem services mapped and
biodiversity data from the NSBA to assess the spatial congru-
ence between ecosystem services and biodiversity in South
Africa. We do this by asking four questions. First, how are eco-
system service ranges and hotspots distributed across biomes
in South Africa? Second, to what extent do species hotspots
overlap with ecosystem service hotspots? Third, is species
richness higher than expected in ecosystem service hotspots?
Fourth, do areas that are prioritised for biodiversity conserva-
tion overlap with ecosystem service hotspots?2. Method
2.1. Study area
South Africa covers approximately 1.22 million km2 of semi-
arid landscape, with an annual mean rainfall that varies be-
tween 50 and 3000 mm (±450 mm). A significant proportion
of the country’s 47 million people (Stats-SA, 2005) live in rural
areas, with livelihoods that depend directly on ecosystem ser-
vices. The country is exceptionally rich in biodiversity with
high levels of endemism, containing three global biodiversity
hotspots (Mittermeier et al., 2005).
2.2. Data
2.2.1. Biodiversity
Biodiversity data used in this study were compiled and used
in the NSBA for South Africa (Reyers et al., 2007) and com-
prised information on species, vegetation, biomes and biodi-
versity priorities for the country. The species distribution
data were at the resolution of a quarter-degree square (QDS;
Fig. 1 – The extent of the range and hotspots of ecosystem services in South Africa used in this study. (a) Surface water
supply, (b) water flow regulation, (c) soil retention, (d) soil accumulation, and (e) carbon storage.
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for overlap and correlations analyses. We calculated species
richness hotspots for birds, mammals, frogs, butterflies, en-
demic plants, threatened plants and all animals combined.
The plant database extracted from the NSBA comprised twodata sets: endemic plants and threatened plants (see Reyers
et al., 2007). We delineated ‘‘richness hotspots’’ as the richest
10% of grid cells for each taxon (Orme et al., 2005).
Vegetation and biome data were obtained from the recent
vegetation map of South Africa (Mucina and Rutherford,
Fig. 1 – continued
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vegetation types found per quarter-degree square (QDS). The
vegetation map recognises 441 vegetation types in total and
nine biomes. Vegetation types per QDS ranged from 1 to 17.
The 10% of grids with the most vegetation types per QDS were
defined as vegetation diversity hotspots.The NSBA produced a map of biodiversity priorities. We as-
sess the extent to which these priority areas overlap with the
ecosystem service ranges and hotspots. The priority map
integrated information on several levels of biodiversity (spe-
cies, ecosystems, and processes), existing conservation ef-
forts, gaps in target achievement, and pressures facing
Fig. 1 – continued
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carbon storage and water production as areas of importance
for the maintenance of ecological processes in the selection
of priorities.
2.2.2. Ecosystem services
Ecosystem services were selected on the basis of national
importance, relevance to conservation planning, and avail-
ability of data. Thresholds were used to map the ranges and
hotspots of each service. We define the range of ecosystem
services as areas of meaningful supply, while hotspots iden-
tify areas which provide large amounts of each service. A brief
description of the mapping of these services appears below
(further details appear in Egoh et al., 2008). In mapping eco-
system services, one needs to consider where the services
are produced and where the beneficiaries are. Some studies
in South Africa and elsewhere have measured ecosystem ser-
vices provision together with beneficiaries (van Jaarsveld
et al., 2005; Naidoo and Ricketts, 2006). However, maps used
in this study only consider the biophysical potential for provi-
sion of ecosystem services. This is firstly because the services
considered in this study are needed almost everywhere: both
soil and water resources are highly stressed in South Africa,
while carbon sequestration benefits the global community.
Secondly, maps of beneficiaries are not readily available at
the national scale, as this is a complex phenomenon with
beneficiaries differing at both temporal and spatial scales.
2.2.2.1. Surface water supply. In South Africa, water resources
are mapped in water management areas termed catchments.
Catchments, areas of land drained by a single river and its
tributaries (DWAF, 2004) are classified into primary, second-
ary, tertiary, and quaternary. We used runoff as a surrogatefor water supply (van Jaarsveld et al., 2005). Runoff is the total
water yield from a catchment and includes surface and sub-
surface flow.
2.2.2.2. Water flow regulation. Water flow regulation is the
storage component of water services and is highly dependent
on ground water. Data on the percentage contribution of
groundwater to base flows per quaternary catchment were
extracted from DWAF (2005) and used to map water flow reg-
ulation. Areas important for water flow regulation are of con-
servation concern due to the negative effect of land use such
as plantations, cultivation, and urbanisation on groundwater.
For example, changes in land cover can reduce water recharge
(see Le Maitre et al., 1999).
2.2.2.3. Carbon storage. The carbon storage map used in this
study was from the NSBA. Studies in South Africa have shown
that some of the country’s semi-arid ecosystems store excep-
tionally large amounts of carbon. Experts were able to use this
and other information to define carbon storage potentials for
different vegetation types.
2.2.2.4. Soil accumulation. This is a process of soil formation
directly linked to the accumulation of soil organic matter.
We modelled soil accumulation as a function of soil depth
and leaf litter accumulation index. Data on soil depth were
obtained from Schoeman et al. (2002). We used Schulze’s
(2004) index of litter accumulation which estimates the soil
surface covered by litter based on observations in a range of
grasslands, woodlands, and natural forests.
2.2.2.5. Soil retention. This is the ability of natural vegetation
to curb erosion by holding onto soil. We modelled soil reten-
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eman et al. (2002) modelled soil erodibility for the whole of
South Africa based on soil structure, geology, water, wind,
and slope. Data on vegetation potential to curb erosion was
based on expert knowledge.
2.2.3. Analysis
Three different methods (overlap, coincidence analysis, and
correlations) commonly used to assess spatial congruence
were applied in this study (Prendergast et al., 1993; van Jaars-
veld et al., 1998; Orme et al., 2005; Chan et al., 2006).
2.2.3.1. Overlap analysis. The percentage of each ecosystem
service range and hotspot in each biome was measured. Both
the biomes and the ecosystem services were converted to fine
scale grid (0.01). The two grids were overlaid using geo-
graphic information system (GIS) and the amount of ecosys-
tem service range or hotspot present in each biome was
estimated and expressed as a percentage of total range or
hotspot. The percentage of biome containing ecosystem ser-
vices hotspot was also estimated. Proportional overlap (Pren-
dergast et al., 1993), a measure of area shared between two
entities expressed as a percentage of the one with the small-
est area, was used to measure overlap between ecosystem
service hotspots and biodiversity (species and vegetation
diversity hotspots; biodiversity priorities). Hotspots of ecosys-
tem services were assigned to QDSs for overlay with species
data. However, because of the coarse scale of the species data
and the potential for overestimating overlap, only QDSs
where the hotspot of a service covered more than 10% of
the QDS were included in this analysis. The number of QDSs
containing both species and service hotspots was expressed
as a percentage of the one with the smallest total number
of QDS.
2.2.3.2. Comparison of species richness. Ecosystem services
were summarised per QDS and those containing any amount
of the hotspot of each ecosystem service were identified. The
number of species per taxon and the number of all species
were evaluated in each QDS identified as an ecosystem ser-
vice hotspot. These numbers were used to determine whether
ecosystem service hotspots contained more species than
would be expected by chance. To generate an appropriate nullTable 1 – Percentage of each ecosystem service range and hots
top three biomes with the greatest percentage for each service
Surface water supply Water flow regul
Range Hotspots Range Hotspo
Albany thicket 0.8 0.0 1.6 0.8
Desert 0 0 0 0
Forest 0.2 0.2 0.2 0.2
Fynbos 7.9 6.7 13.1 13.1
Grassland 63 66.8 48.33 46.9
Indian Ocean Coastal Belt 5.4 10.6 2.9 4.3
Nama–karoo 0.1 0.0 0.3 0.2
Savanna 22.5 15.8 32.7 33.1
Succulent karoo 0.1 0 0.8 1.4
Total 100 100 100 100expectation, a random sample (equal to the area of each eco-
system service hotspot) was repeatedly (10,000 times) drawn
from 2014 QDS in the country, generating a distribution of
random species. A p-value was obtained by comparing this
distribution to the actual species captured by the ecosystem
service hotspot. This analysis was repeated for vegetation
diversity in which the mean vegetation diversity in the hot-
spot of each service was compared with that expected by
chance.
2.2.3.3. Correlations. All ecosystem service data were summa-
rised per QDS and the medians were obtained. Spearman cor-
relations were run within hotspots to determine relationships
between species hotspots, vegetation diversity hotspot and
ecosystem services median per QDS.
3. Results
It is clear that the larger biomes, grassland, and savanna, con-
tain significant percentages of almost all ecosystem services
(Table 1). The fynbos and the Albany thicket biomes contain
significant amounts of the water and carbon storage services.
No ecosystem service range or hotspot was found in the des-
ert biome. About 80% of the forest biome was important for
the range and hotspot of carbon and at least 50% of this
biome contributed to the range or hotspot of the water and
soil services; but the forest biome is small compared to other
biomes which resulted in small percentages of services in the
biome.
Results from proportional overlap analysis showed that
soil accumulation and soil retention had a relatively high
overlap with all of the species hotspots (average of 43% and
36%, respectively) (Table 2). The lowest overlap with these
two services was with threatened plants. Water flow regula-
tion and surface water supply both showed moderate overlap
with species richness hotspots. Of all the ecosystem services,
carbon storage exhibited the lowest overlap with species rich-
ness hotspots. Vegetation diversity hotspots showed a slightly
higher overlap with carbon storage compared to other ser-
vices. Overlap between biodiversity priorities and ecosystem
services hotspots was generally high.
Results in Table 3 suggest that mean species richness is
higher in hotspots of some ecosystem services than wouldpot in each biome in South Africa. Bold entries indicate the
.
ation Soil retention Soil accumulation Carbon storage
ts Range Hotspots Range Hotspots Range Hotspots
4.0 6.4 2.4 3 9.2 77.9
0 0 0 0 0 0
0.2 0.3 0.1 0.3 0.3 2.3
12.1 0.62 6.4 0.8 1.5 4.0
31.8 25.6 31.7 12.0 11.6 5.7
1.9 3.3 2.3 4.6 3.1 4.0
10.8 0.7 10.4 1.0 1.2 1.2
37.3 63.0 46.1 78.3 73.0 4.0
1.9 0.1 0.5 0 0.1 0.9
100 100 100 100 100 100
Table 2 – Proportional overlap between species richness hotspots, vegetation diversity hotspot, biodiversity priority areas
and ecosystem service hotspots.
Water flow regulation Surface water supply Soil retention Soil accumulation Carbon storage
Birds 37.1 19.5 34.2 46.5 13.4
Frogs 24.6 30.6 47 57.9 11.8
Butterfly 34.7 24.2 43.2 47.7 21.0
Mammals 31.7 25.8 47.7 63.8 8.4
Animals combined 32.7 25.3 45.7 58.3 9.2
Threatened and endemic plants 34.0 27.4 36.5 39.5 22.7
Threatened plants 24.7 18.4 18.2 17.2 17.6
Endemic plants 29.5 17.9 22 24.0 37.0
Vegetation diversity 34.0 23.2 26.7 27.7 41.2
Biodiversity priority 70.7 70.0 55.7 42.0 65.5
Table 3 – Ratio of mean species richness and vegetation diversity in ecosystem services hotspots compared to the mean of
randomly drawn samples. Entries in brackets are not significant at p < 0.05.
Water flow regulation Surface water supply Soil retention Soil accumulation Carbon storage
Birds 1.803 (1.004) 1.026 1.19 (1.002)
Frogs 1.505 1.01 1.025 1.061 (1.002)
Mammals 1.714 (1.012) 1.025 1.155 (1.002)
Butterflies 1.577 1.011 1.025 1.151 (1.002)
Animals combined 1.26 1.008 1.006 1.06 (1.002)
Threatened and endemic plants 1.46 1.01 (1.007) 1.07 (1.002)
Endemic plants 1.28 (1.004) (1.001) (0.977) (1.002)
Threatened plants 1.37 (0.997) 1.020 1.115 (1.002)
Vegetation diversity 1.73 (0.998) (1.002) 1.21 (1.002)
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of water flow regulation and soil accumulation. The number
of bird and mammal species in the water flow regulation hot-
spot was almost twice as large as random expectation. On the
other hand, the carbon storage hotspots did not include
exceptional amounts of any of the taxa. However, carbon stor-
age hotspots had a relatively strong correlation with vegeta-
tion diversity and threatened plants (Table 4). Correlation
results, though positively significant, were generally weak.
The water services hotspots showed some consistency by
showing significant but weak positive correlation with spe-
cies hotspots for all taxa. Soil accumulation showed a stron-Table 4 – Spearman rank correlation between species richness
are reported. Correlations are significant at p < 0.05.





Animals combined 0.18 0.1
Threatened and endemic plants 0.18 0.1
Threatened plants 0.1 0.1
Endemic plants 0.14 0.1
Vegetation diversity 0.18 0.1ger correlation with most species hotspots than other
services especially with mammal richness.
The water service hotspots showed different levels of
overlap with species richness hotspots and mean species
richness between the two was also different compared to
that expected by chance. Water flow regulation exhibited a
higher level of congruence with all taxa hotspot than surface
water supply except for frog hotspot. This trend was also ob-
served with the soil services. Soil accumulation showed a
higher level of congruence with all taxa than soil retention
for overlap, comparison of species richness and correlations
analysis.and ecosystem service hotspots. Only significant r values
ter supply Soil retention Soil accumulation Carbon storage
0.1 0.14
3 0.19 0.23
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Results from this study indicate that certain biodiversity fac-
ets co-occur with ecosystem services in South Africa, sug-
gesting that opportunities exist for using ecosystem services
as an additional rationale for biodiversity conservation. These
opportunities exist mostly in the grasslands and savanna bio-
mes where all five services could be used to justify conserva-
tion. Although these biomes are large, the relatively high
percentage of these biomes contributing to ranges and hot-
spots of services indicates their importance in service deliv-
ery. Furthermore, the Nama–karoo (third largest biome in
the country) did not contain a high percentage of service
ranges or hotspots. Water regulation and supply may be used
to justify conservation in the fynbos biomes and in the Indian
Ocean coastal belt; carbon storage, in the Albany thicket
biome; and the soil services, in Albany thicket and fynbos bio-
mes. The forest biome is associated with many ecosystem
services, in particular carbon storage (Myers, 1988; Turner
et al., 2007) but this biome covers a very small area in South
Africa and only a small percentage of the forest contained
each ecosystem service. This does not imply that the forest
is not important for ecosystem services. In the semi-arid bio-
mes of the Nama and Succulent Karoo, these five ecosystem
services do not provide an additional rationale for biodiver-
sity conservation.
Our finding of high overlap between some ecosystem ser-
vices and biodiversity priorities supports findings by Turner
et al. (2007) and Chan et al. (2006). The reason for the high
overlap in our case is unclear. Although total area may be a
contributing factor (NSBA priorities for South Africa cover al-
most 50% of the land), the overlap was also higher than ex-
pected by chance for hotspots (Table 3). The high species
richness found in hotspots of many ecosystem services sup-
ports the highly debated positive relationship between spe-
cies richness and ecosystem functions (Mittelbach et al.,
2001). Egoh et al. (2008) found a strong positive correlation be-
tween the ecosystem services included in this study and pri-
mary productivity suggesting high productivity areas are high
in both species and ecosystem services especially at the scale
of our study. Several studies have shown a positive relation-
ship between species richness and productivity (Balmford
et al., 2001; van Rensburg et al., 2002; Chown et al., 2003).
These results were also supported by the moderate to high
overlap and the positive correlations between some ecosys-
tem services and species hotspots. However, our finding of
moderate to high overlap of biodiversity hotspots and ecosys-
tem services could have been overestimated due to our map-
ping of species hotspots. We used the top 10% grid cells
compared to the more traditional five percent or less in other
studies (van Jaarsveld et al., 1998; Orme et al., 2005).
The difference in the level of congruence between various
water and soil services with species and vegetation diversity
hotspots and the low concordance between these services is
an indication that these services are driven by different vari-
ables and should each be considered separately in conserva-
tion assessments. Water flow regulation showed a stronger
concordance with species richness and vegetation diversity
hotspots compared to surface water supply, however surface
water supply is the only water service considered in conser-vation assessments in South Africa (Reyers et al., 2007). The
soil services were also not consistent in their relationship
with species richness and vegetation diversity. These results
suggest that no single biodiversity measure (e.g. vegetation
types or species richness) can be used as a surrogate for eco-
system services and vice versa. Our study seems to indicate
that as many surrogates of ecosystem services as possible
should be considered due to the low level of concordance be-
tween ecosystem services. This is similar to the issues de-
bated over a decade ago in biodiversity surrogacy (see
Lombard et al., 2003 for an example) and it appears that no
one rule applies to ecosystem services and their relationships
with biodiversity. Overlap between biodiversity pattern and
ecosystem services may vary from service to service depend-
ing on the biodiversity data used and the scale of study. These
results can not be conclusive until congruence is examined
within an exhaustive list of ecosystem services and biodiver-
sity at different resolutions. They should be interpreted with
caution because not only is the overlap variable but biodiver-
sity and ecosystem services have different values and need
different management approaches.
Including ecosystem services in conservation assessments
and finding areas of synergy may have some benefit but the
continuous provision of services will require appropriate tar-
gets for ecosystem services that will ensure the continuity of
the functions (Kremen and Ostfeld, 2005). Such targets may
not be achieved in conservation assessments geared towards
biodiversity alone (Chan et al., 2006) and may require a sepa-
rate plan for ecosystem services. In addition, such a plan
must consider threats facing each service as is the case for
biodiversity where critically endangered features are given
priority (Sisk et al., 1994; Balvanera et al., 2001). Successful
management of ecosystem services and biodiversity however
demands a multidisciplinary approach which takes many fac-
tors into consideration, and involves all stakeholders (Cowl-
ing et al., 2008). At present, planning and management of
these resources is carried out by different organisations in
South Africa with water resources managed separately from
soils and biodiversity. An integrated approach is necessary
so that the management of one does not deplete the other.
However, the need for integration in order to improve imple-
mentation is starting to emerge. An example is the Working
for Water (WfW) program whereby the Department of Water
Affairs and Forestry (DWAF) is joining forces with conserva-
tion agencies to manage invasive alien plants both for biodi-
versity and water supply while creating employment (Turpie
et al., 2008). This type of approach provides a win–win situa-
tion and reduces the cost of implementation.Acknowledgements
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